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157} ABSTRACT

A microprocessor-controlled inductive ignition system
uses a magneto mductive ignition circuit at engine start-
ing speeds, and a microprocessor-controlled ignition
circuit at engine running speeds. The microprocessor
senses the ignition firings, computes the time between
successive ignition firings, and disables the magneto
inductive ignition system when the engine speed is
greater than a predetermined cut-off speed. The ignition
system enables an engine with a recoil starter to be
started if the battery is low or if an alternator is used to
power the microprocessor. At engine running speeds,
the ignition system achieves a greater amount of timing
advance than achievable with an inductive ignition
system alone, thereby increasing engine efficiency.

16 Claims, 5 Drawing Sheets
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MICROPROCESSOR-CONTROLLED INDUCTIVE
IGNITION SYSTEM

BACKGROUND OF THE INVENTION

This invention relates to ignition systems for small

internal combustion engines like those used on lawn-
mowers, snowblowers and the like. More particularly,
this invention relates to inductive and microprocessor-
controlled ignition systems for such engines.

Magneto inductive ignition systems are known that
enable internal combustion engines to be started and run
without the need for a separate power supply, such as a
battery or an alternator. However, typical prior art
inductive ignition systems have poor starting character-
istics because the ignition timing is very advanced at
engine starting speeds to enable the engine to run effi-
ciently at running speeds. For example, the ignition
timing may occur at about 36 degrees Before Top Dead
Center (BTDC) at engine starting speeds of about 200
revolutions per minute (rpm). The ignition timing re-
tards a fixed amount as the engine speed increases to an
engine running speed, with the maximum advance being
between about 5 to 9 degrees.

Magneto mnductive ignition systems are often used on
engines having recoil starters. One way to improve the
starting characteristics and to minimize kick-back of the
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recoil starter is to physically move the inductive system -

by 3 degrees in the Before Top Dead Center direction.
Although this placement of the inductive ignition sys-
tem improves starting characteristics, it also results in
an undesirable loss of horsepower due to poor timing at
engine running speeds, which are typically about 3,000
to 3,600 rpm.

Electronic and microprocessor-controlled ignition
systems are also known for small internal combustion
engines. One advantage of a microprocessor-controlled
ignition system 1is that ignition timing advance is not
fixed as in a discrete component, electronic inductive
system; the ignition timing may be advanced by any

desired amount as a function of the engine’s speed. A

major disadvantage of microprocessor-controlled sys-
tems, however, is that they typically require a direct
current power source to operate the microprocessor.
‘The power source is usually a battery. If the battery is
not fully charged, a microprocessor-based system may
be unable to start the engine since the battery may not
provide sufficient power to drive the microprocessor.

SUMMARY OF THE PRESENT INVENTION

A microprocessor-controlled inductive ignition sys-
tem is disclosed which combines the best features of an
inductive ignition circuit with the best features of a
microprocessor-controlled ignition circuit to improve
the startability and the efficiency of an internal combus-
tion engine.

In a preferred embodiment of the present invention,
the ignition system includes a primary winding, a sec-
ondary winding in magnetic flux communication with
the primary winding and interconnected with an igni-
tion device such as a spark plug, an inductive ignition
circuit for operating the engine below a predetermined
~ cut-off speed such as 1,000 rpm, and a processor-con-
trolled ignition circuit for operating the engine above
the predetermined speed.

The inductive ignition circuit includes: a first means
for generating a changing magnetic field such as a rotat-
able magnet and a trigger coil, said first means generat-
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ing a first switch control signal in response to the chang-
ing magnetic field; and a first switch means intercon-
nected with the primary winding for switching the
primary winding on or off in response to the first switch
control signal. The first switch means is preferably a
Darlington transistor pair.

The processor-controlled ignition circuit preferably
includes a means for sensing a first event functionally
related to a first turn-off time of the primary winding,
and a means for sensing a second event functionally
related to a second turn-off time of the primary wind-
ing. For example, the first and second events may be
successive switch control signals from the trigger coil.

The processor-controlied ignition circuit also in-
cludes a means for determining the elapsed time be-
tween the first event and the second event, and a means
for comparing the elapsed time with a predetermined
time, stored in memory, that is functionally related to a
predetermined cut-off speed. When the comparison
indicates that the elapsed time is less than the predeter-
mined time, a causing means generates a second switch
control signal to a second switch means to cause the
primary winding to be turned on. After a preset dwell
time, the causing means thereafter generates a third
switch control signal to cause the primary winding to be
turned off.

The preferred embodiment also includes a means for
preventing the primary winding from being turned on
or off in response to the first switch control signal when
the processor is controlling the ignition timing; that is,
when the elapsed time is less than the predetermined
time. The preventing means preferably includes a sili-
con controlled rectifier (SCR) that is gated on by the
processor when the elapsed time is less than the prede-
termined time.

Also 1 a preferred embodiment, the processor-con-
trolled ignition circuit includes a means for storing a
plurality of desired ignition advance values that are
functionally related to the magnitude of the elapsed
time, and a means for changing the point at which the
causing means causes the primary winding to be turned

on as a function of the stored, desired advance value.
In the preferred embodiment, the determining means,

the comparing means, the causing means, and the stor-
g means all include a microprocessor. A voltage
source such as a battery is provided to power the micro-
processor and to provide power to the primary winding
when the primary winding is turned on in a response to
the microprocessor.

In operation, the inductive ignition circuit starts the
engine and controls ignition timing until the engine
reaches a predetermined speed such as 1,000 rpm, corre-
sponding to the predetermined time. The microproces-
sor continuously senses the ignition firings and calcu-
lates the engine speed. When the engine speed is above
the predetermined speed, the microprocessor grounds
the trigger winding through the SCR, and generates
control signals that control ignition timing. The point at
which the control signals are generated is dependent
upon optimal ignition advance values stored in the mi-
CIOProcessor memory.

In a preferred embodiment of the present invention,
the inductive and the processor-controlled ignition cir-
cults are separately powered by two distinct power
sources. In the preferred embodiment, the inductive
ignition circuit is of the magneto-type, so that no bat-
tery 1s required to start the engine. The power source
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for the magneto inductive ignition circuit would in-
clude a magnet that passes either the primary winding
or a trigger winding. However, a battery may be used to
power other types of inductive ignition circuits.

The processor-controlled ignition circuit is prefera- 5
bly powered by either a battery or by the engine alter-
nator.

It 1s a feature and advantage of the present invention
to provide an ignition system having both an inductive
circuit and a processor-controlled ignition circuit.

It is another feature and advantage of the present
invention to provide a processor-controlled ignition
system that starts the engine when the battery output is
low.

It 1s yet another feature and advantage of the present 15
invention to provide an ignition system with increased
startability and increased operating characteristics at
engine running speed. -

It 1s another feature and advantage of the present
invention to provide a microprocessor-controlled igni- 20
tion system that does not require a battery to start the
engine.

These and other features and advantages of the pres-
ent invention will be apparent to those skilled in the art
from the following detailed description of the preferred 25
embodiments and the attached drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) and 1(b) comprise a schematic diagram of
a preferred embodiment of the present invention.

FIGS. 2(a) through 2(d) are timing diagrams relating
to signals in FIGS. 1(e) through 1(5).

FIGS. 3(a) and 3(b) comprise a circuit diagram for an
alternate embodiment of the present invention.

FIGS. 4(a) and 4(b) are timing diagrams relating to 35
the circuit in FIG. 3(¢) and 3(5).

FIG. 5 1s a flow chart of the software used in pro-
gramming the microprocessor in FIGS. 1() through ()
and 1n FIGS. 3(a) through 3(d).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIGS. 1(a) through 1(b) depict the preferred embodi-
ment of the present invention. In FIGS. 1(g) and 1(3), an
inductive ignition circuit includes a rotating magnet 10,
a trigger coil 12 in magnet flux communication with
magnet 10, and a Darlington transistor pair 14 consist-
ing of transistor switches 16 and 18. Transistor 16 is
interconnected with trigger coil 12 so that the trigger
coil controls the switching of Darlington transistor 16,
which in turn controls the switching of transistor 18.

Instead of magnet 10 and trigger coil 12, the power

source for the inductive ignition circuit could be a mag-
- net passing primary winding 20, or a battery.

Referring again to FIG. 1(a), Darlington transistor 14 55
is also interconnected with a primary winding 20, the
latter being in magnet flux communication with a sec-
ondary winding 22. Connected across secondary wind-
ing 22 is an ignition device such as a spark plug 24.

In FIG. 1(b), a microprocessor 30 has its pin 28 con-
nected to a 5 volt DC source such as a battery or a
regulated alternator output, and its pin 10 connected to
an input or sensing circuit 32. The sensing circuit in-
cludes a line 34 having one end connected to trigger coil
12 and its opposite end connected to the gate of transis-
tor switch 36. Sensing circuit 32 also includes a resistor

38. Switch 36 is connected to pin 10 of microprocessor
30.

10

30

40

45

30

65

4

Microprocessor 30 also includes an output pin 9,
which is connected via line 40 to the gate of a thyristor,
such as a silicon controlled rectifier (SCR) 42 (FIG.
1(a)).

Pin 11 of processor 30 is connected via line 44 to a
second Darlington transistor pair 46, consisting of tran-
sistors 48 and §0. Darlington pair 46 is connected to a 5
volt power supply 52, such as a battery or an alternator.
Switch 50 is connected by a line 54 to primary winding
20.

The preferred embodiment depicted in FIGS. 1(a)
and 1(b) operates in the following manner. When mag-
net 10 passes trigger coil 12, a positive voltage and then
a negative voltage are produced in the trigger winding,
when the positive trigger voltage becomes greater than
1.2 volts, the Darlington transistor is turned on. When
the trigger voltage then falls below 1.2 volts, Darling-
ton transistor 16 is turned off. When primary winding
20 is turned off its magnet flux field collapses, causing a
large negative voltage spike to be generated by second-
ary winding 22 across ignition device 24.

The voltage signal from trigger coil 12 is also used to
turn on normally off transistor switch 36. When transis-
tor switch 36 is off, pin 10 of microprocessor 30 is kept
in its high state. However, when switch 36 is turned on
by the trigger coil output signal, pin 10 goes to its low
state. When switch 36 is turned off due to a lack of a
trigger voltage, processor pin 10 goes to a high state
signaling to microprocessor 30 that an ignition firing
occurred.

As more fully discussed below in connection with
FIG. 5, microprocessor 30 notes the time of the ignition
event and compares the time between ignition events
with a predetermined time corresponding to a predeter-
mined cutoff speed, such as 1,000 rpm. When the
clapsed time between the two ignition events is less than
the predetermined time, microprocessor 30 outputs a
signal on line 40 to gate on SCR 42, thereby limiting the
switch control signals output by trigger coil 12 to 0.9
volts. The limiting of these signals to 0.9 volts shuts off
the inductive ignition circuit, but still allows transistor
36 to be turned on and off, thus giving speed indication
to processor 30. |

Microprocessor 30 then outputs a signal on line 44
which gates on Darlington transistor pair 46. When
Darlington transistor 46 is switched on, power from
power source 52 1s applied via line 54 to primary wind-
ing 20. After a preset dwell time, microprocessor 30
ceases the output of the control signal on line 44,
thereby shutting off Darlington pair 46. Power from
power source 52 is then terminated, causing primary
winding 20 to be turned off. The turning off of primary
winding 20 causes its magnetic flux field to collapse,
resulting in a large voltage spike being generated by
secondary coil 22 across spark plug 24.

‘The point at which the control signal is generated by
microprocessor 30 on line 44 to turn on Darlington
transistor 46 is determined by the magnitude of the
current engine speed. Microprocessor 30 has a look-up
table of stored optimal ignition advance values corre-
sponding to a plurality of engine speeds. The point at
which the primary winding is turned on by micro-
processor 30 is determined by the optimal stored ad-
vance value corresponding to the engine speed. Of
course, the input from other sensors may be used to
determine the amount of ignition advance, such as load
and temperature sensors.
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The preferred embodiment depicted and described in
connection with FIGS. 1(g) through 1(b) allows a mag-
neto inductive ignition circuit having a substantially
fixed timing to start the engine and to charge the battery
until a predetermined speed has been reached. At this
predetermined speed, the inductive ignition circuit is
turned off, and the microprocessor thereafter controls
ignition timing. The microprocessor may be pro-
grammed to enable any selected degrees of ignition
advance to occur, depending upon engine operating
conditions. In the event that the battery or microproces-
sor should fail, the inductive ignition circuit would still
enable the engine to be started and run.

FIGS. 2(a) through 2(d) are timing diagrams relating
to the circuit depicted in FIGS. 1(a) and 1(5). FIG. 2(a)
is a timing diagram for the signals present on line 34.
FI1G. 2(b) depicts the signal present on line 40. FIG. 2(c)
depicts the signal present on line 54. FIG. 2(d) depicts
the signal on line 44.

S
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FIGS. 3(a) and 3(b) depict a second embodiment of 20

the present invention. In FIGS. 3(¢) and 3(b), compo-
nents having corresponding functions have been given
the same numerical designations. The primary differ-
ence between the second embodiment and the first em-
bodiment, depicted in FIG. 1(qg) and 1(d), is that the
magneto inductive ignition switching signals are not
himited in the second embodiment. The inductive igni-
tion circuit continues to fire after the engine has reached
the predetermined cut-off speed; however, the fuel mix-
ture has already ignited due to the microprocessor igni-
tion system sparks, so that spark from the magneto
ignition system has no effect. Combustion only occurs
in response to signals from the microprocessor when the
engine speed is above the predetermined cut-off speed.

In the second embodiment depicted in FIGS. 3(g) and
3(b), the same line 56 is used to both conduct signals
from power source 52 to primary winding 20 in re-
sponse to microprocessor control, as well as to carry
signals indicative that primary winding 20 has been
turned off in response to the induction ignition circuit.
To minimize the likelihood of interference between the
bidirectional signals on line 56, the firing of the ignition
by the inductive ignition circuit must be at least 20
degrees away from the firing by the microprocessor-
controlled ignition circuit.

Referring specifically to FIGS. 3(¢) and 3(b), the
inductive ignition circuit operates in a similar manner to
that described above in connection with FIG. 1(b).
However, voltage signals from trigger coil 12 are not
limited at engine speeds above the predetermined speed.
Also note that FIG. 3(a) depicts an optional stop switch
58, which may be a dead man control switch on a lawn-
mower handle, for example.

As 1n the first embodiment, magnet 10 and trigger
winding 12 could be replaced by another power source,
such as a magnet passing primary winding 20 or a bat-
tery.

FI1G. 3(b) depicts a somewhat different sensing circuit
from that depicted in FIG. 1(b). In FIG. 3(b), the sens-
ing circuit includes a resistor 58, zener diodes 60 and 62,
resistors 64 and 66, transistor switch 68, and a capacitor
70.

‘Transistor 68 is normally kept on between ignition
firings. When the primary current goes negative, a sig-
nal present on line 56 passes through resistor 58 and
zener diode 60 to turn off transistor 68. When transistor
68 1s turned off, +5 volts is applied to pin 10 of micro-
processor 30, indicating to the microprocessor that the
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ignition has fired. The time of the ignition firing is noted
by microprocessor 30, and microprocessor 30 waits
until another ignition firing occusrs.

When microprocessor 30 determines that the elapsed
time between successive ignition firings is less than the
predetermined reference time, microprocessor 30 out-
puts a control signal on line 44(a) to turn on Darlington
pair 46. Current is then switched from current source 52
through line §6 to primary winding 20. After an appro-
priate dwell time, the control signal on line 44(q) is
terminated, causing Darlington pair 46 to be turned off,
and the magnetic flux field in primary winding 20 to
collapse. A highly negative voltage spike is then in-
duced in secondary winding 22 across spark plug 24.

FIGS. 4(a@) and 4(b) are timing diagrams relating to
the second embodiment depicted in FIGS. 3(¢) and 3(d).
FIG. 4(e) depicts the firing of the inductive ignition
circuit at the top dead center (TDC) position. FIG. 4 ()
depicts the firing of the microprocessor-controlled igni-
tion circuit at engine speeds above 1,000 rpm at 20
degrees BTDC. Thereafter, a one millisecond wait
time——corresponding to at least 20 degrees—elapses
before the inductive ignition circuit fires at TDC.

Microprocessor 30 must, of course, be programmed
with appropriate instructions to achieve proper control
over the ignition timing. The flow chart diagram of the
software program for microprocessor 30 is depicted in
FIG. 5. In FIG. §, a variable called FIRST TIME is
initialized at Step 72. The program is then started at
Step 74. At Step 76, a determination is made whether an
ignition firing has been sensed. If no ignition firing has
occurred, the program loops back until an ignition fir-
ing 1s sensed at Step 76.

Once an ignition firing is sensed at Step 76, the time at
which the firing occurred is obtained and stored as the
vanable THIS TIME, at Step 78. Then, a determination
is made at Step 80 whether FIRST TIME is equal to
zero. If FIRST TIME is equal to zero, then no prior
ignition firing has been noted. FIRST TIME is incre-
mented to one at Step 82, and the program proceeds to
Step 84. In Step 84, the value of THIS TIME is stored
in a register corresponding to a variable called LAST
TIME. If the embodiment depicted in FIGS. 3(¢) and
3(b) is being used, the program waits one millisecond in
Step 86 to prevent interference on line 56, as discussed
above. The program then loops back to the Start Step
74.

If FIRST TIME is not equal to zero at Step 80, the
time of a prior ignition event must already be stored as
LAST TIME. At Step 88, the period, or elapsed time
between successive ignition firings is determined by
subtracting the value in the LAST TIME register from
the value in the THIS TIME register. A determination
1s then made at Step 90 whether the period or elapsed
time is less than 60 milliseconds. 60 milliseconds is a
stored reference or predetermined time that corre-
sponds to the predetermined cutoff speed of 1,000 rpm.

If the period is not less than 60 milliseconds, the en-
gine speed is under 1,000 rpm. In that event, the pro-
gram proceeds to Step 84. At Step 84, the value in the
THIS TIME register is moved to the LAST TIME
register, a 1 millisecond delay is achieved at Step 86 if
the second embodiment of the invention is used, and the
program then loops back to Start, Step 74.

If the period is greater than or equal to 60 millisec-
onds at Step 90, the program proceeds to Step 92 if the
first embodiment (FIGS. 1(aq) and 1(b)) of the invention
1s being used. Otherwise, the program proceed to Step



5,383,433

7

94. At Step 92, the inductive ignition circuit is turned
off by outputting a signal on line 40 to gate on SCR 42
(FIGS. 1(a) and 1(5)).
At Step 94, the stored look-up table is accessed and a
value called WAIT TIME is obtained. The stored look-
up table contains values functionally related to the de-
sired 1gnition timing advance corresponding to the cur-
rent engine speed.
At Step 96, the value in the THIS TIME register is
added to the value in the WAIT TIME register to equal
the value DWELL START. The DWELL START
value corresponds to the value of the microprocessor
timer when the primary current is to be turned on.
A determination is then made at Step 98 whether the
present time is greater than or equal to the DWELL
START time. If the answer at Step 98 is NO, the pro-
gram loops back until the present time is greater than or
equal to the time at which the primary current is to be
turned ON.
Once the answer at Step 98 becomes YES, the pri-
mary winding is turned on at Step 100. The primary
current 1s kept on for a 2 millisecond period at Step 102,
corresponding to the dwell time. The primary current is
then turned off at Step 104, resulting in a highly nega-
tive voltage spike being generated by the secondary coil
across the ignition device. The present value of THIS
TIME 1is then moved to the LAST TIME register, a 1
millisecond delay is interposed at Step 86 if the embodi-
ment of FIGS. 3(e) through 3(b) is used, and the pro-
gram then returns to Start.
Although various types of processors may be used for
microprocessor 30, it has been found that one suitable
processor is an 8-bit processor available from Motorola,
part number MC68HCOSP7, operating at a clock speed
of 2 Mhz.
While several embodiments of the present invention
have been shown and described, other embodiments
will be apparent to those skilled in the art and are within
the intended scope of the present invention. Therefore,
the invention has to be limited only by the following
claims.
I claim:
1. An ignition system for an internal combustion en-
gine, comprising:
a primary winding;
a secondary winding in magnetic flux communication
with said primary winding and interconnected
with an ignition device;
an inductive ignition circuit for operating said engine
below a predetermined speed, including:
first means for generating a changing magnetic
field and for generating a first switch control
signal;

first switch means, interconnected with said pri-
mary winding for switching said primary wind-
ing on or off in response to said first switch con-
trol signal; -
a processor-controlled ignition circuit for 0perat1ng
sald engine above said predetermmed speed, in-
cluding:
means for sensing a first event functlonally related
to a first turn off time of said primary winding,
and for sensing a second event functionally re-
lated to a second turn off time of said primary
winding;

means for determining the elapsed time between
said first event and said second event:;
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means for comparing said elapsed time with a pre-
determined time that is functionally related to
said predetermined speed; and

means for causing said primary winding to be
turned on if said elapsed time is less than said
predetermined time, and for thereafter causing
said primary winding to be turned off.

2. The ignition system of claim 1, further comprising:

means for preventing said primary winding from
being turned on or off in response to said first
switch control signal when said elapsed time is less
than said predetermined time.

3. The 1gmtion system of claim 2, wherein said pre-
venting means includes a silicon controlled rectifier that
1s gated on when said elapsed time is less than said pre-
determined time.

4. The ignition system of claim 1, wherein said
processor-controlled ignition circuit further comprises:

means for storing a desired ignition advance value
that is functionally related to said elapsed time; and

means for changing the time at which said causing
means turns said primary winding on as a functlon
of said desired advance value.

S. The 1gnition system of claim 1, further comprising:

second switch means, responsive to said causing
means, for turning on said primary winding if said
elapsed time 1s less than said predetermined time.

6. The ignition system of claim 5, wherein said second
switch means includes a Darlington transistor.

7. The ignition system claim 1, wherein said first
switch means includes a Darlington transistor.

8. The ignition system of claim 2, wherein said deter-
mining means, said comparing means, and said causing
means all include a microprocessor.

9. The 1gnition system of claim 1, wherein said prede-
termined speed is about 1,000 revolutions per minute.

10. The ignition system of claim 1, wherein said in-
ductive ignition circuit achieves a substantially fixed
ignition timing advance at speeds below said predeter-
mined speed, and wherein said processor-controlled
circuit achieves a variable ignition timing advance at
speeds above said predetermined speed.

11. The ignition system of claim 1, further compris-
ing:

a voltage source, interconnected with said causing
means, that provides power to said primary wind-
ing when said primary winding is turned on in
response to said causing means.

12. The ignition system of claim 11, wherein said

voltage source is a battery.

13. The ignition system of claim 1, where in said first
event and said second event include the generating of
said first switch control signal.

14. The ignition system of claim 1, wherein said in-
ductive ignition circuit includes a magneto-type ignition
system.

15. The ignition system of claim 1, further comprises:

a first power source that powers said inductive igni-
tion circuit; and

a second power source, distinct from said first power
source, that powers said processor-controlled igni-
tion circuit.

16. The ignition system of claim 15, wherein

said first power source includes either a magnet that
interacts with said primary winding, or a battery,
or an alternator, or a trigger winding; and wherein

said second power source includes either a battery or

an alternator.
*x * * * *
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